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peak response closer to the visual than the haptic peak, as with MLE
integration. If degrading the visual input causes the response
distribution of the visual neurons to spread, then multiplication
of the visual and haptic distributions yields a peak closer to the
haptic peak, again as in MLE integration. Thus, the estimator
variances (and therefore the weights) do not have to be calculated
explicitly: the behaviour of an MLE integrator might be achieved
through interactions among populations of visual and haptic
neurons. M

Methods
Stimuli

The stimulus was a horizontal bar raised 30 mm above a plane; the bar and plane were
perpendicular to the line of sight (Fig. 2a). The width of the bar was 150 mm; its height
varied but the average was S0 = 55 mm. Observers viewed the bar binocularly and/or
grasped it with the index ®nger and thumb in order to estimate its height (Fig. 2a). Its
vertical position was varied randomly from trial to trial.

The haptic stimulus was generated using two PHANToM (SensAble Technologies)
force-feedback devices (Fig. 2a), one each for the index ®nger and thumb. Finger and
thumb movements had all six degrees of freedom in the 20-cm3 workspace. The three-
dimensional positions of the tips of the ®nger and thumb were monitored, and
appropriate forces were applied when the tips reached the positions of the simulated
haptic objects. PHANToMs compellingly simulate haptic properties such as the size, shape
and stiffness of the bar. The apparatus was calibrated to align the visual and haptic stimuli
spatially.

The visual stimulus was a random-dot stereogram simulating the background plane and
bar (Fig. 2). The dots subtended 8 arcmin at the 50-cm viewing distance. Dot density was
roughly 9 dots per degree2. New dots were displayed with each presentation. The positions
of the ®nger and thumb (tracked by the PHANToMs) were indicated by small three-
dimensional markers; the markers were visible until the bar was touched. Noise was added
to the visual display to vary its reliability. The noise was a random displacement of the dot
depths in the stereogram (direction parallel to line of sight). The displacements were
drawn from a random uniform distribution whose range was 0, 67, 133 or 200% of the 3-
cm depth step between the bar and plane. The displacement of the dots is shown in Fig. 2.
No noise was added to the haptic display.

We wanted the presentation times for the visual and haptic stimuli to be identical. In the
vision-alone discrimination experiment, the standard and comparison stimuli were
displayed for 1 s each. In the haptic-alone discrimination experiment, the haptic stimulus
began when the thumb and ®nger both contacted the bar and ended after 1 s. In the visual±
haptic trials, the visually speci®ed bar did not appear until the bar was touched by both
®ngers simultaneously and the visual and haptic stimuli were extinguished after 1 s.

Procedure

Within-modality discrimination was measured in a two-interval, forced-choice scheme.
Each trial consisted of the sequential (visual or haptic) presentation of two bars. In the
standard interval, the bar was always 55 mm tall and in the comparison interval, it was
shorter or taller than 55 mm. The standard and comparison stimuli were randomly
assigned to the ®rst or second interval. The observer indicated the interval containing the
apparently taller stimulus. The comparison height was varied according to the method of
constant stimuli. We plotted psychometric functions, that is the proportion of trials in
which the comparison was perceived as taller than the standard against the comparison
height. From these functions, we could determine PSEs and discrimination thresholds.
Half of the vision-alone and haptic-alone discrimination experiments were conducted (in
random order) before the visual±haptic experiment and the other half were conducted
after.

In the visual±haptic experiment, observers were again presented two stimuli sequen-
tially: the standard stimulus (visually and haptically speci®ed heights differed by D) and
the comparison stimulus (visually and haptically speci®ed heights were the same). The
average height of the standard stimulus was always 55 mm and the visual±haptic
difference (D) ranged from -6 to +6 mm. The height of the comparison varied. The
observer indicated the interval containing the apparently taller stimulus. Trials with
different con¯icts were presented in random order to prevent visuomotor adaptation.

No feedback was given in any of the experiments. Four observers (aged 22 to 33), naive
to the experimental purpose, participated. They were right handed and had normal or
corrected-to-normal vision. The observers were questioned at the end: none of them had
noticed the con¯icts between the visually and haptically speci®ed heights.
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Perception of a visual target and the responses of cortical neurons
can be strongly in¯uenced by a context surrounding the target1±27.
This observation relates to the fundamental issue of how cortical
neurons code objects of the external world. In high-contrast
regimes, embedding a target in an iso-oriented context reduces
neural responses and deteriorates performance in psychophysical
experiments. Performance from orthogonal surrounds is better
than that from iso-oriented ones1±17. This contextual interference
is often postulated to be caused by long- or short-range interac-
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tions between neurons tuned to orientation. Here we show, using
a new illusion called `shine-through' as a sensitive psychophysical
probe, that the orientation difference between target and context
does not determine performance. Instead, contextual modulation
depends on the overall spatial structure of the context. We
propose that contextual suppression vanishes if the contextual
elements are grouped to an independent and coherent object.

In the shine-through illusion4,5, a brie¯y displayed vernier precedes
a grating referred to as the `standard grating', which comprises more
than seven aligned elements (see Fig. 1). Subjectively, the vernier
shines through the grating and appears brighter, wider, longer and
superimposed on the grating. Vernier discrimination thresholds can
be as small as 20 arcsec, whereas those for an unmasked vernier can
be around 8 arcsec, indicating a masking effect of the grating.
Homogeneity of the standard grating is a prerequisite for the
effect to occur; even very subtle spatial deviations from this homo-
geneity markedly diminish the shine-through effect4,5.

Four iso-oriented contextual elements markedly degrade perfor-
mance (that is, the thresholds of offset discrimination increase;
Fig. 2a, g). This ®nding agrees with most studies using high-contrast
target regimes1±18. Performance improves, however, if more iso-
oriented contextual elements are displayed. For 25 contextual lines,
performance is about the same as that for the standard grating, and
signi®cantly better than that for a display with 4 contextual
elements, even though these 4 lines are part of the 25 contextual
elements (Fig. 2a, b). Horizontal contextual lines yield analogous
results: performance improves if small horizontal elements become
part of a long horizontal line (Fig. 2c, d). One line on both sides of
the standard grating (Fig. 2e) yields signi®cantly lower performance
than two lines placed on only one side (Fig. 2f). Thus, the overall
spatial structure rather than the orientation difference between
target and context determines contextual suppression.

Both a decrease (Fig. 2f) and an increase (Fig. 2b) of the number
of contextual lines improve performance compared with four
contextual lines; therefore, the number of lines is neither necessary
nor suf®cient to predict performance. A better explanation is that
contextual suppression vanishes if the elements of the context are
grouped to a coherent object.

The contextual gratings shown in Fig. 3a, which do not diminish
shine through, strongly degrade performance if attached to the
standard grating (Fig. 3b). Attaching these gratings creates an
inhomogeneous central grating; therefore, vernier discrimination
decreases (see ref. 5). Only a minor spatial change has occurred
because the vertical gap between the contextual and the standard
grating is only 200 arcsec wide; in other words, it is much smaller
than the receptive ®elds of most cortical neurons. Moreover, the
overall intensity of the whole context is identical. Thus, it seems to
matter strongly whether the context is an independent part of the
visual display (ref. 6, but see refs 15, 17).

Contextual interference emerges in a fast dynamic process. We
presented single contextual verniers preceding two contextual grat-
ings and a vernier preceding the central standard grating (Fig. 4b).
The contextual verniers appear as distinct shine-through elements,
whereas the visibility of the central target vernier is strongly
diminished; therefore, vernier discrimination deteriorates markedly
(Fig. 4e) compared to the condition of Fig. 4a. Arrays of more than
one contextual vernier do not, in general, shine through a following

10–310 ms

0–10 ms

Percept

Figure 1 The shine-through effect. A vernier, consisting of two abutting lines, presented

for a short time (10±30 ms) shines through a following grating if the grating comprises

more than seven elements. The shine-through element appears to be wider, brighter and

even longer than the preceding vernier really is. This grating is called the `standard

grating'. With less than seven grating elements the vernier remains invisible to the

observer4,5. Except for offset, all spatial parameters of grating elements were the same as

those of the preceding vernier. The horizontal spacing between grating elements was

200 arcsec, and verniers were 1,260 arcsec long presented for the shortest duration at

which shine-through just occurred. Stimuli were displayed on an analog monitor (HP

1334A) controlled by a Power Macintosh computer through fast 16-bit digital-to-analog

converters (pixel rate 1 MHz). Luminance was about 80 cd m-2. Subjects were asked to

discriminate the offset direction (left versus right) of the shine-through element by

pressing one of two push buttons. Incorrect responses were followed by an error signal

produced by the computer. Thresholds were determined with an adaptive staircase

method (the offset size of the vernier yielding 75% correct responses). Statistical analysis

was performed on logarithmic data. See ref. 5.

c d

e f

a b

0

50

100

150

200

250

300

Th
re

sh
ol

d
 (a

rc
se

c)

Stan
dard

4 l
ine

s (
a)

25
 lin

es
 (b

)

4 l
ine

s 9
0° (c

)

Lo
ng

 90
° (d

)

Acro
ss

 (e
)

To
p (f

)

7 observers
g

Figure 2 Contextual interference cannot be predicted by contextual orientation. A vernier

(not shown) preceded a grating with 25 elements (15 are shown) ¯anked by contextual

lines presented simultaneously with the grating. The vertical gap between contextual lines

and grating was 200 arcsec. a, Four vertical lines of 400 arcsec length were displayed

above and below the third grating element on both sides. b, Twenty-®ve contextual

elements appeared above and below the standard grating. c, Four lines were oriented

orthogonal to the grating (that is, horizontal). d, Two long horizontal lines ¯anked the

whole grating. e, Two lines were displayed, one above left and the other below right of

middle. f, Only two lines above the grating were displayed. g, Performance for 4

contextual lines is lower, hence thresholds are higher, than that for 25 elements, even

though these 4 lines are part of the 25 contextual lines (paired t-test, P = 0.0024). For

some observers, the shine-through element is completely invisible for four contextual

lines and vernier discrimination thresholds cannot be determined (a threshold of 350

arcsec is recorded in these cases). Four small horizontal lines interfere more strongly than

two long horizontal lines (paired t-test, P = 0.0105). If two lines are arranged on one side

of the grating, performance is better than if elements are in corresponding positions on

different sides of the grating (paired t-test, P = 0.005).
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grating. Thus, three aligned contextual verniers, each preceding
contextual gratings, remain invisible (Fig. 4c). Even so, the arrays of
contextual verniers inhibit the single central vernier, which there-
fore remains largely invisible. Offset discrimination of this vernier
deteriorates stronglyÐcomparable to the condition with single
contextual verniers. Thus, suppression by preceding contextual
verniers is not caused by the subjective visibility of the preceding
contextual elements themselves.

A vernier and a grating three times longer than standard (Fig. 4d),
mimicking an attachment of contextual verniers and gratings to the
central standard vernier and grating, improve performance signi®-
cantly compared with the separated gratings and verniers shown in
Fig. 4b. Attachment here leads to temporal and spatial homogeneity
in contrast to the conditions in Fig. 3, where spatial inhomogene-
ities of the standard grating degrade performance. Again, contextual
intensity is identical for stimuli in Fig. 4b and d, whereas thresholds
are not.

Contextual suppression diminishes if the suppressive contextual
elements of Fig. 2a are presented without a following grating (data
not shown). Therefore, it is the backward masking nature of the
shine-through effect that reveals contextual modulation during the
®rst milliseconds of cortical information processing10,15,28.

In most psychophysical and physiological studies using high-
contrast targets, contextual suppression is strongest for iso-oriented
contexts and decreases for orthogonal ones1±17. For example,
responses of a neuron to a line presented in its receptive ®eld
strongly decrease when several iso-oriented contextual lines appear
in the surrounding non-classical receptive ®eld1±3. Neural responses
increase if the number of these contextual lines decreases (ref. 1, but
see ref. 2). The underlying neural mechanisms are thought to rely on
orientation-speci®c horizontal connections or on high-level back
projections. For low-contrast targets a more complex pattern
occurs, revealing facilitating effects in addition8,16,19±23.

Contextual surrounds are homogeneous in most studies. We
compared various contextual layouts and thus could evaluate
context±context modulation in addition to context±target mod-
ulation. Contrary to the above results, we found that increasing the
number of iso-oriented contextual elements improves performance
(see Fig. 2a, b). An extended iso-oriented, homogeneous surround
and a long, orthogonal (that is, horizontal) contextual line yield
performance comparable to that of the standard condition (that is,
the standard grating without any surround). Clearly, commonly

used low-level descriptions such as orientation, number, and overall
intensity of contextual elements are not suf®cient to explain the
results.

We propose that the overall spatial structure of the context, rather
than its individual low-level features, determines modulation. A
context does not interfere if it can be grouped to a coherent and
independent gestaltÐin other words, if the context is an indepen-
dent entity and all its elements are bound together, or if unbound
parts are remote from the target.

Although the in¯uence of contextual elements seems to be
complex if based on a low-level stimulus description, the neural
mechanism underlying contextual grouping may be simple8±10,29.
For example, to explain the shine-through effect, a model has been
proposed on the basis of a single neural layer with lateral interac-
tions whose dynamics are described by a partial differential equa-
tion (C. W. Eurich, U. Ernst and M.H.H., unpublished data; see also
ref. 29). According to this equation, neural activity representing the
inner elements of a grating decreases compared with that at the
edges. For small gratings, this enhanced activity corresponding to
the edges suppresses the neural activity corresponding to the
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Figure 3 Independence of the context matters. a, We determined the minimal number of

iso-oriented contextual elements for which interference is absent so that fewer elements

would yield a deterioration of performance. For four observers this number was ®ve lines,

whereas for two subjects it was seven (only 13 elements of the standard grating are

shown). The vertical gap between contextual lines and standard grating was 200 arcsec.

b, Contextual gratings were directly attached to the standard grating; that is, the gap

between contextual and standard gratings was removed. c, Performance strongly

deteriorates if gratings that cause almost no contextual interference (`minimal') are

attached to the central grating (`attached'; paired t-test, P = 0.0085). Note that the

minimal gratings contain the four contextual elements from the condition in Fig. 2a.

Vertical bars symbolize standard errors of the means of all six paid student observers.
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Figure 4 Shine through interferes with shine through. Here, time (t ) proceeds from left to

right rather than from top to bottom. Preceding verniers always appeared at the central

position of the corresponding gratings. The standard condition was applied ®rst (see

Fig. 1). a, As in the condition with 25 contextual elements (Fig. 2b), a vernier preceded the

standard grating that was ¯anked above and below by two identical copies of itself. b, As

in a, except that the contextual gratings were each preceded by a straight vernier, and an

offset vernier preceded the standard grating. c, Three aligned verniers preceded each of

the contextual gratings, an offset one preceded the standard grating. d, The grating and

vernier were three times longer than in the standard condition. This stimulus had the same

energy as in condition b and almost the same size. e, The standard and the condition in a

yield comparable performance levels, reaf®rming that contextual energy per se is not

important. Performance in b is greatly impaired compared with that in a (paired t-test,

P = 0.0053); the contextual verniers (c-verniers), although visible themselves, seriously

impair the visibility and therefore offset discrimination for the central vernier. The

condition in c shows the same impairment as in b. Here, the triple verniers, although not

visible, impair the discriminability of the central vernier. Contextual interference vanishes

when the separated contextual gratings are replaced by a lengthening of the standard

grating and vernier (paired t-test, P = 0.0081 for c versus d).
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vernier. For the same reason, activity corresponding to four isolated
(that is, unbound) contextual elements (Fig. 2a) might not be
decreased by neighbouring contextual elements and, thus, might
produce high neural activity inhibiting the vernier target. For the
extended standard grating, shine through is possible because little
neural activity occurs in the vernier's close neighbourhood. Analo-
gously, extended contextual gratings might not interfere with the
vernier because activity corresponding to their inner elements is
weak. Therefore, context±context inhibition prevents context±
target suppression of the vernier target.

Contextual elements might directly in¯uence the ®ring pattern of
cortical neurons that code the vernier. For example, the activity of a
neuron that is responding vigorously to a vernier target should
diminish when isolated contextual elements are presented together
with the standard grating. By contrast, increasing the number of
contextual elements should yield a rebound of activity. Because
vernier display times are short, we expect strongest modulation
effects in the transient response of the neuronsÐthat is, in the
activity immediately after the presentation of the target. M
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Embryonal tumours of the central nervous system (CNS) repre-
sent a heterogeneous group of tumours about which little is
known biologically, and whose diagnosis, on the basis of mor-
phologic appearance alone, is controversial. Medulloblastomas,
for example, are the most common malignant brain tumour of
childhood, but their pathogenesis is unknown, their relationship
to other embryonal CNS tumours is debated1,2, and patients'
response to therapy is dif®cult to predict3. We approached these
problems by developing a classi®cation system based on DNA
microarray gene expression data derived from 99 patient samples.
Here we demonstrate that medulloblastomas are molecularly
distinct from other brain tumours including primitive neuro-
ectodermal tumours (PNETs), atypical teratoid/rhabdoid tumours
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